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Abstract 
Matrix converter is a direct power converter that can convert energy from an AC source to an AC load without the 
need of the bulky and limited-lifetime storage elements in the dc link. While this topology has many advantages, its 
voltage transfer ratio is limited to 0.866.This paper deals with a three-phase “pump type” matrix converter with an 
innovative topology. The theoretical analysis of the high-performance power converter is discussed. Furthermore, the 
simulation results are also presented in order to verify the result of theoretical analysis. All simulations have been 
carried out in PSIM. 
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1. Introduction 
One among the most desirable features of AC frequency converter is the generation of load voltage 
with arbitrary amplitude and frequency [1,2].While the greatest disadvantage of  matrix converter is that 
the voltage transfer ratio is limited to 0.866[3], which limits the practicality of matrix converter [4]. In this 
paper, a new topology is presented, and then the voltage transfer ratio can be much greater than before. 
Furthermore, exemplary results of the simplified theoretical analysis, as well as, simulation test results are 
presented in this paper. 
2. The Basic Principle of Three-Phase “Pump Type” Matrix Converter 
2.1.   Basic topology of “pump type” matrix converter 
The basic topology of "pump type" matrix converter is shown in Fig.1. jkS  (j= {U, V, W} -- the phase 
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of input, k= {a, b, c} -- the phase of output) and 0 0 0, ,U V WS S S  are power bidirectional switches. 
According to its performance, could be divided into two parts: One part is step-up circuit, the other is 
step-down circuit [5]. 
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Fig. 1. topology of three-phase "pump type" matrix converter 
2.2.   Working process of “pump type” matrix converter 
In the period onT , 0US , 0VS , and 0WS  are turned off, the current of inductances 1UL , 1VL , and 1WL  are 
stepped up, these capacitances 1UC , 1VC , and 1WC  work as the power supply of matrix converter. 
In the period offT ,inductances 1UL , 1VL , 1WL  release energy, they work as power supply and charge to 
these capacitances 1UC , 1VC , 1WC .Then this system can be controlled by properly selected control 
parameter: offT .Such an approach gives the possibility to obtain the capacitor charged voltage is greater 
than supply voltage, offering the possibility of the load voltage step-up[6,7]. 
Define the following function: 
1,
0,
jk
jk
jk
switch S turn on
S switch S turn off
−⎧
= ⎨
−⎩
                           (1) 
Assuming allowed constrains of the source switches in time ts: 
1ia ib icS S S+ + =                                 (2) 
The exemplary time waveform of the control signals is shown in Fig.2: 
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Fig. 2. exemplary time waveforms of the control signals 
 
During the first switch state, the switches oiS  (i=U, V, W） are turned off and the matrix-connected 
switches set jkS (j=U, V, W; k=a, b, c) are turned on in turn according to the law of Venturini’s duty cycle 
calculation, while oiS （i=U, V, W） are turned on, all of matrix switches oiS (i=U, V, W) are turned off, 
inductive load is free-wheeling. 
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2.3.  Control strategy of “pump type” matrix converter 
For an actual system, the input voltage and required output current is known, which could be set up: 
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where imU and  denote the amplitude of input phase voltage and the amplitude of the output phase 
current separately, iω and oω denote the frequency of input voltage and the frequency of output voltage 
separately, οϕ  denotes the difference between the input phase angle and the output phase angle. 
The desired three-phase output phase voltage and input phase current can be expressed by: 
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where: omU  and imI  denote the output phase voltage and the amplitude of the input phase current 
separately, iϕ  denotes the difference between the input phase angle and the output phase angle. 
Thus, solutions can be obtained, modulation matrix ( )M t  are obtained as: 
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where: 
( ) cos( )mCS x t xω= + ( ) cos[ ( 2 ) ]m iCA x t xω ω= − + + , m o iω ω ω= − , 
1 i ο
1α [1 tan( ) tan( )]
2
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α α ϕ ϕ= − = − + , om
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All of the variables satisfy: 
1 2
10,   0,   0
2
qα α≥ ≥ ≤ ≤  
A description of control strategy, in general form and exemplary time waveforms of the control signals, 
illustrating operation of the discussed circuit are shown in Fig.2. 
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2.4.   Voltage transfer characteristic of “pump type” matrix converter 
According to the working characteristic of "pump type" matrix converter, in order to analyze, voltage 
transmission could be divided into step-up and step-down process: 
2.4.1. The process of step-up voltage 
In the period onT , switches 0US 、 0VS 、 0WS  are turned on, 1UL , 1VL , 1WL  are stored energy. The 
topology structure of "pump type" step-up voltage process is shown in Fig.3. According to the law of 
electromagnetic induction; the following formula could be got: 
d d dt
dt
= ⇒ =1 11 1L LL 1 L
1
I (t) U (t)U L I (t)
L
            (8) 
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Fig.3 topology of "pump type" step-up process 
In the period onT , the incremental of 1L 's current is: 
2
1
t
t
dt= ∫ 1L1on
1
U (t)
ΔI
L
                                                                                                                          (9) 
where 1 1 1[ ]Uon Von WonI I I= Δ Δ Δ
T
1onΔI , 1t  is period onT 's the beginning time, 2t  is the period onT 's the 
ending time. 
In the period offT ,when switches 0US , 0VS , 0WS  are turned off, 1UL ; 1VL , 1WL  begin to release energy to  
the 1UC , 1VC , 1WC ;the voltage drop of 1L  is  I C1U (t) - U (t) .Due to the supply voltage could be regarded 
as constants in the sampling period, 1LIU (t) = U . Where 1LU  is the 1LU 's average value during 2 3~t t , 
then according to the law of electromagnetic induction, get the following formula: 
d
dt
= ⇒C1I C1 1
I (t)
U (t) - U (t) L d dt= I C1C1
1
U (t) - U (t)I (t)
L
                                                             (10) 
where 
[ ( ) ( ) ( )]IU IV IWU t U t U t=
T
IU (t)  
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In the period offT , the incremental of 1L 's current is: 
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2t  is the offT 's beginning time, 3t  is the offT 's ending time, at this time, capacitances release 
energy, 1offΔI  is negative. 
After working in a stable state, the stored energy and releasing energy of a switching period T should 
be equal, is defined as 
1 1
2 2
=
2 2
1 1on 1 1offL ΔI L ΔI ,   =1on 1offΔI ΔI  
which means, in the step-up voltage process, the current variation of 1L  is zero during a switching period.  
2 3
1 2
( )t t
t t
t t
dt dt
−
= −∫ ∫ 11 1LL C
1 1
U ( ) U U
L L
                 (12) 
By substitution of  
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where  1 1 1[ ]U V WC C C CU U U=1
TU , 1C  is average value of 2 3~t t , T is a chopping period ( )on offT T+ , sd  is 
0US , 0VS , 0WS 's duty cycle. 
1 1
C
s sd d
= =
− −
1
1
L IU (t)UU                                                                                                                        (14) 
So the voltage transfer ratio of step-up process: 
1
1
1 s
g
d
= =
−
1C
I
U (t)
U (t)
                                                                                                                        (15) 
2.4.2. The process of step-down voltage  
When the switches 0US , 0VS , 0WS  are turned off; capacitance 1C  discharge to load and stored energy 
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inductance 2L , when switches 0US , 0VS , 0WS  are turned off, and MS (a matrix-connected switches set) is 
turned on, 2L  release energy to load (free-wheeling): 
1 1 1
[ ( ) ( ) ( )]
U V WC C C
U t U t U t=
1
T
CU (t)  
1 1 1[ ]U V WC C C=
T
1C ,   2 2 2[ ]U V WL L L=
T
2L  
The topology of "pump type" step-down process is shown in the Fig.4. 
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Fig. 4. topology of "pump type" step-down voltage process 
Each step-down voltage process of the chopping period is composed of  onT  and offT : 
onT : When the 0US , 0VS , 0WS are turned on, 2L  is stored energy, the voltage drop of 2L  is 1CU - Uo , its 
direction is identical to the current. According to the law of electromagnetic induction: 
d
dt
= ⇒2
1 2
L
C C 2
I
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2
C C
L
2
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I
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             (16) 
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In the period onT , the 2L 's current incremental 2onΔI  is positive: 
2
1
0t
t
dt= ∫ 1C2on
2
U (t) - U (t)
ΔI
L
                         (17) 
where 2 2 2[ ]Uon Von WonI I I= Δ Δ Δ
T
2onΔI , 
offT : When the switches 0US , 0VS , 0WS are turned off, the energy of 2L  begin to release to the load. 
The direction of voltage and current is in opposite. 
As the same, according to the law of electromagnetic induction: 
d
d dt
dt
= − ⇒ = −2 2
2 2
L C
C 2 L
2
I U (t)
U (t) L I
L
                     (18) 
During the period offT , the 2L 's current incremental 2offΔI  is negative: 
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3
2
t
t
dt= −∫ 2C2off
2
U (t)
ΔI
L
                                (19) 
where 2 2 2[ ]Uoff Voff WoffI I I= Δ Δ Δ
T
2offΔI , 
When the system is stable, the stored and released energy of 2L  are equal, then 2on 2offΔI = ΔI , it 
follows that: 
2
1
t
t
dt =∫ 1C
2
U (t) - Uo(t)
L
3
2
t
t
dt− ⇒∫ 2C
2
U (t)
L
2 3
1 1
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t t
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2 2
1
C C
C
U (t)UU = =
g g
                                       (21) 
where 2CU  is the average value of during the time 2 3~t t , the transfer ratio of step-down voltage: 
2 sg d= , and  
1 1 1U V WC C CU U U=1
T
CU [ ]  
2 2 2 2U V WC C CU U U=
T
CU [ ]  
2.4.3. The voltage transfer ratio of "pump type” circuit q0 
 0 1 2 1
s
s
d
q g g
d
= × =
−
                                     (22) 
When 0.5sd = , 0 1q = , 2C IU (t) = U (t) , input volt-age and output voltage of "pump type" circuit is 
equal. 
When 0.5sd > , 0 1q > , >2C IU (t) U (t) , "pump type" circuit works as step-up state. 
When 0.5sd < , 0 1q < , <2C IU (t) U (t) , "pump type” circuit works as step-down state. 
So, through changing the duty cycle of switches 0US , 0VS , 0WS  could adjust the output voltage in 
bidirectional way. 
2.4.4. The transfer ratio of switch matrix chopping: q 
As the discussed above, to facilitate analysis 1L , 1C 's "pump" process of 0S 's on/off state; it can be 
hypothesized that a matrix-connected switches set MS  works as one switch. 
During the step-up process, MS 's working state accords with the actual working conditions; while 
during the step-down process, a matrix-connected switches set is on chopping modulation state. For the 
actual switch matrix, it works as waveform modulation. Assuming switch matrix's input/output voltage 
transfer ratio is q, when calculating a modulation function in real-time, q is set by manual. 
E. Total voltage transfer ratio of "pump type "matrix converter Q 
Obviously, total voltage transfer ratio of "pump type” matrix converter Q is 
0 1
s
s
d
Q q q q
d
= × =
−
                                   (23) 
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Appropriate selection of sd  and q can enables 1Q > . 
3. Experimental Results 
3.1.   Establishment of simulation model 
In the part Ⅲ, the principle has been introduced [8, 9], due to the satisfactory with o iU M U= ⋅ , 
modulation matrix   ( )M t can be simplified as: 
1 2 3 1 2 3 11 12 13
3 1 2 2 3 1 21 22 23
2 3 1 3 1 2 31 32 33
( )
d d d h h h m m m
M t d d d h h h m m m
d d d h h h m m m
⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
= + =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦
         (24) 
where: ( 1, 2,3, 1, 2,3)ijm i j= =  denotes modulation function (duty cycle) of each switch, by substitution 
of  
   1 1
21 2 cos( ( 1) )
3 3k
pd q t k πω⎡ ⎤= + + − ×⎢ ⎥⎣ ⎦
                        (25) 
    2 2
21 2 cos( ( 1) )
3 3k
ph q t k πω⎡ ⎤= + + − ×⎢ ⎥⎣ ⎦
                   (26) 
where 1 21,2,3 o i o ik ω ω ω ω ω ω= = − = +； ； . 
Then it is finally obtained 
11 22 33
1 (1 2 cos( ))
3 m
m m m q tω= = = +                                (27) 
     12 23 31
1 (1 2 cos( 120 ))
3 m
m m m q tω= = = + + D                (28) 
     13 21 32
1 (1 2 cos( 240 ))
3 m
m m m q tω= = = + + D            (29) 
where ( )/ 0 0.5om imq U U q= < ≤ , m o iω ω ω= − . 
3.2.   Simulation of pump type circuit 
According to topological structure in Fig.1, the simulation model is shown in Fig.5 [10].In the topology 
of step-up, a matrix-connected switches set is turned off, then the matrix-connected switches set replaces 
by the LS(load switches) set and SS(source switches) set with step-up configuration. According to the 
duty cycle, SS set and SL set are turned off in turn. Following in Fig.6 is shown a voltage gain and input 
power factor simulation characteristics as a function of the duty cycle for ds =0.8, and for f=10KHz. 
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                                                                             Fig. 6. input/output voltage waveform of the pump type circuit 
Fig. 5. main circuit 
 
As is visible from the Fig.6, the greater-than-1 voltage gain can be obtained. We can see from Fig.6, 
because of the output filter and free-wheeling inductance, there are differences between the phase of 
output voltage and the input voltage [11].So modulation of the matrix converter can make the input power 
factor adjustable and output waveforms arbitrarily. 
3.3.   Simulation of “pump type” matrix converter 
Simulation system structure is shown as Fig.7. In this simulation model, load is12Ω , inductance is 
0.5mH , capacitance is 50μF , 0.5q = and 0.8sd = , the system chopping frequency is 10kHz,the input 
voltage for peak is 100V,the three-phase AC frequency is 50Hz. 
 
Fig. 7. simulation system of pump type matrix converter 
The expected output is respectively established to 75Hz. Fig.8 is shown the voltage transfer ratio Q>1. 
 
Fig. 8. input/output voltage waveform 
In the simulation model, different voltage transfer ratio could validate the matrix converter theory and 
voltage transfer ratio related formulas; the “pump type” matrix converter is influenced by the two 
parameters (the output frequency and the duty cycle).  
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The Fig.9-11 shows, when the output frequency is 75Hz, the input/output voltage waveform of 
respectively duty cycle is 2/3, 0.75, 0.8.  
 
Fig. 9. ds=2/3, input/output voltage waveform 
 
Fig. 10. ds=0.75, input/output voltage waveform 
 
Fig.11 ds=0.8, input/output voltage waveform 
Simulation studies have been carried out with the help of PSIM and through the adjusting of the control 
parameters, the output voltage average phase and ds、q、Q's corresponding relation are presented in 
Table 1. 
Table 1. Output voltage average phase and ds, q, Q's corresponding relation 
q ds Q Output Voltage Peak Value 
 
0.3 
2/3 0.6 59 
0.75 0.9 86 
0.8 1.2 123 
 
0.5 
2/3 1 102 
0.75 1.5 154 
0.8 2 207 
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4. Conclusion 
In the past two decades, several modulation and control methods have been improved. The most 
important problem is that the voltage transfer ratio is limited to 0.866.A high performance matrix 
converter topology is presented in this paper. Using a simple control strategy, according to Venturini’s 
theory, that load voltage is greater than supply voltage can be obtained. In general, the simulation test 
results obtained have confirmed the theoretical ones. 
Further research will be focused on the prototype implementation of the presented "pump type" matrix 
converter. 
Furthermore, formulation of an improved control strategy for an input power factor and experimental 
verification obtained results are also planned. 
References 
[1] L Gyugyi, B P Pelly. Static Power Frequency Changers: Theory, Performance and Application. New York: John Wiley & 
Sons Inc,1976 
[2] M. Venturini, A. Alesina. The generalized transformer: a new bi-directional sinusoidal waveform frequency converter with 
continuously adjustable input power factor. IEEE Power Electronics Specialists Conference Record.PESC'80, pp.242-252. 
[3] Alberto A1esina, Marco Venturini. Solid State Power Conversion: A Fourier Analysis Approach to Generalized 
Transformer Synthesis. IEEE Transactions on Circuits and Systems, 1981,CAS-28(4):319-330. 
[4] O. Simon, J. Mahlein, M.N. Muenzer, et al. Modern solutions for industrial matrix converter application. IEEE Trans. on 
Industrial Electronics, 2002, 49(2) :401-406. 
[5] Heng Wan. The research and application of single-phase matrix converter. Ph.D thesis, East China University of Science 
and Technology,2001 
[6] Jie Chang, Tom Sun, Anhua Wang. High compact AC-AC converter achieving a high voltage transfer ratio. IEEE Trans. 
on Industrial Electronics, 2002,49(2):345-352 
[7] Zbigniew Fedyczak, Paweá Szcze Ğniak, Igor Korotyeyev. New Family of Matrix-Reactance Frequency Converters Based 
on Unipolar PWM  AC Matrix-Reactance Choppers.13th International Power Electronics and Motion Control 
Conference.2008:236-243 
[8] A Alesina, M Venturini. Intrinsic Amplitude Limits and Optimum Design of 9 Switches Direct PWM AC-AC Converters. 
Proceeding of PESC’ 88.1284-1290 
[9] P. Wheeler, J. Rodriguez, J. Clare, L. Embringham, A. Weinstein. Matrix converters: a topology review. IEEE Trans. 
IA.2002,129(5):276-288 
[10] Ashwin Kumar Sahoo, J. Meenakshe, S.S Dash, T. Thyagarajan. Analysis and simulation of Matrix Converter Using 
PSIM. The 7th International Conference on Power Electronics. 2007: 414-419 
[11] D Casadei, G Serra, A Tani. Reduction of the Input Current Harmonic Content in Matrix Converters under Input/Output 
Unbalance. IEEE Trans. on Industrial Electronics.1998,45:401-410 
